Abstract
1.0 INTRODUCTION
Many drugs in the modern day are derived from plants (Manoj et al., 2011) . Medicinal plants are highly demand due to their valued in food industries, cosmetic industries, pharmaceutical industries and a subset of the national biodiversity wealth (Suneetha and Chandrakandh, 2006) . Medicinal plants contain many compounds that have important roles such as antibacterial (Karthikeyan et al., 2009; Jothimanivannan et al., 2010) , antimicrobial ( Bhat and Karim, 2010) , antioxidant (Purnomo et al., 2010; Jothimanivannan et al., 2010) , antitumor (Susanti et al., 2008) , antimalarial (Bhat and Karim, 2010) , antiinflammatory (Tiwari et al., 2000; Karthikeyan et al., 2009; Forkman, 1991) and anti-analgesic (Jothimanivannan et al., 2010) . Plant secondary compounds are classified according to their biosynthetic pathways. Three major molecule families are phenolics, terpenes and alkaloids. For example, a widespread metabolite, phenolics are involved in lignin synthesis (Bourgaud et al., 2001) . Table 1 summarizes bioactive compounds identified in local medicinal plants.
Plant tissue culture has become a valuable tool to elucidate secondary metabolites biosynthesis pathway and production of plant products in pharmaceutical industries. For example, in vitro techniques of medicinal plants such as callus culture could be used to maximize bioactive compounds production (Rafidah et al., 2004) . There are many approaches to propagate medicinal plants in vitro. Micropropagation of medicinal plants has been documented such as using shoot tips/ axillary buds via organogenesis (Rout et al., 2000) , production of adventitious shoot (Thomas and Yoichiro, 2010 ) and somatic embryogenesis (Omar et al., 2004) . Examples of regeneration studies of local medicinal plants are shown in Table 2 .
There are many factors that affect plant regenerations which include carbon source (Reza et al., 2009 ), types and concentration of various plant growth regulators (Kavyashree, 2009 ), explants and types of media used (Omar et al., 2004) . Therefore, this paper intended to summarize plant regeneration system of Malaysian medicinal plants such as Eurycome longifolia Jack, Zingiber officinale Roscoe, Centella asiatica L., Justicia gendarussa Burm. f, Kaempferia galanga L. and Orthosiphon stamineus Benth. 
2.0 TONGKAT ALI
Eurycoma longifolia Jack belongs to Simaroubaceae family, commonly, as Tongkat Ali, the tall plant, slender shrub-tree and found as an under storey in the lowland forest (Hussein et al., 2005) . The roots are rich in various bioactive compounds such as eurycomaoside, eurycolactone, eurycomalactone and eurycomanone. Among them, alkaloids and quassinoids have been traditionally used to treat antimalarial, aphrodisiac, antidiabetic, antimicrobial and antipyretic activities (Bhat and Karim, 2010) . The most common method for propagation of E. longifolia is through seeds however plant regeneration in vitro has been successfully established from different plant organs such as leaves, root, nodal, stem, petiole, cotyledon and rachis. 
Callus Induction
Callus induction of E. longifolia has been reported from leaves, petiole, rachis, stem, tap root, fibrous root, cotyledons and embryo segments when cultured on MS medium (Murashige and Skoog, 1962) supplemented with 2,4-D, picloram, dicamba, NAA and IAA ranging from 1.0 to 6.0 mg L -1 (Mahmood et al., 2010) . The highest percentage of callus induction (88.33%) was achieved when 2.0 mg L -1 2,4-D was applied.
Shoot Regeneration
The effect of different types of cytokinins on shoot regeneration of this plant has been intensively studied (such as kinetin, BAP and zeatin). The highest percentage of shoot regeneration was successfully obtained when shoot tips explants were treated with 5.0 mg L -1 (90%) and 4.0 mgL -1 kinetin (80%). However, 5.0 mg L -1 kinetin produced the maximum number of shoots (4.0).
Root Formation
For root formations, high percentage (90%) of root regeneration was obtained when shoot tips were cultured on MS media supplemented with 0.5 mg L -1 IBA after 14 days culture (Hussein et al., 2005) . The roots elongated up to 8.0 ± 1.0 cm in length after two months in culture while IBA is superior compared to the auxin. It could be due to facts that IBA is less degraded during autoclaving and stable at room temperature as compared to IAA (Cuenca et al., 1999; Hussein et al., 2005) . However, high levels of endogenous auxins or addition of exogenous auxin could cause inhibition of root development in shoots, thus resulting in callus formation at the base of the shoots (Juliani et al., 1999; Hussein et al., 2005) .
3.0 GINGER
Zingiber officinale Roscoe or known as ginger, is a member of Zingiberaceae (Figure 1.2 
Shoot Regeneration
Zingiber officinale can be propagated through in vitro by using different types of media and explants. The effects of different types and concentrations of plant growth regulators such as BAP, kinetin and NAA on shoot regeneration have been studied. High percentage of shoot regeneration (95%) is recorded when the explants are cultured on MS media supplemented with 17.76 µM BAP after 15 days culture using vegetative buds (Kavyashree, 2009 ).
Another assessment demonstrated that 0.05 mg L -1 NAA and 4.0 mg L -1 BAP produced high mean shoots number (4.0) using leaf explants (Nkere and Mbanaso, 2010). Other type of explants such as fresh rhizome bud produced high shoot regeneration (7.5 ± 0.45 shoots per explants) when the explants were treated with 2.0 mg L -1 BAP + 0.5mg L -1 NAA (Kambaska and Santilata, 2010).
Root Induction
Root induction of Z. officinale has been established by using 
4.0 PEGAGA
The genus Centella (Umbellifarae) comprises 33 plant species. Centella asiatica L. or commonly known as pegaga is found in tropical and sub-tropical countries (Figure 1.3) . Tiwari et al., 2000 reported that, C. asiatica extracts were used for treatment of asthma, bronchitis, dropsy, elephantiasis, gastric catarrh, kidney troubles, leprosy, leucorrhoea, skin disease and urethritis. Besides that, C. asiatica plants are also reported to contain glycosides groups such as indocentelloside, brahmoside, brahminoside, asiaticoside, theankuniside and isothankuniside.
Asiaticoside is the major compound presents in C. asiatica and used to treat leprosy and tuberculosis (Tiwari et al., 2000) while Karthikeyan et al., (2009) reported that whole plants exhibited antibacterial, antiinflammatory, antifebrile and antigalactogogic activities. Micropropagation of C. asiatica for production of pesticide-free plants (Sivakumar et al., 2006) , rapid clonal propagation of elite clones and germplasm conservation of C. asiatica has been established (Tiwari et al., 2000) . 
Shoot Regeneration
In vitro plant regeneration of C. asiatica has been established from various sources such as stem node (Hossain et al., 2000) and somatic embryos (Martin, 2004) . Shoot formation was successfully induced from axillary buds growth on MS medium supplemented with 2.0 mg L -1 BAP after 4 weeks in culture (Karthikeyan et al., 2009) . However, the combination of 2.0 mg L -1 BAP and 0.5 mg L -1 kinetin produced maximum of 18 shoots per explants. Multiple shoots (16.8 shoots/explants) were also successfully induced when shoot tip explants were cultured on MS-based media supplemented with a combination of 17.76 µM BAP + 1.44 µM GA 3 (Sivakumar et al., 2006 ). 
Root Induction

Somatic Embryogenesis and Suspension Cell Culture
There are few reports on somatic embryogenesis studies of C. asiatica. Suspension cell culture of C. asiatica has been established from leaf and internode-derived calluses cultured in half-strength MS liquid medium containing 2.69 mM NAA and 1.16mM kinetin (Martin, 2004) . Other factors, such as sucrose concentration, IAA and BAP influence establishment of cell suspension culture (Omar et al., 2004) . Increment of sucrose from 3.32% to 6.68% (w/v) causes dry cell weight in C. asiatica increases from 16 to 27 g L -1 , respectively. The optimum dry cell weight is achieved at treatment of 6.68% (w/v) sucrose, 0.84 mg L -1 IAA and 1.17 mg L -1 BAP (27.4 g L -1 dry cell weight).
5.0 GANDARUSA
Justicia gendarussa Burm. f or commonly known as Gendarusa is a member of Acanthaceae family and found abundantly in many countries including Indonesia, India and Malaysia ( Figure  1.4) . Traditionally, Gandarusa extracts have been used to treat ailments such as emetic, antipyretic, amenorrhea, stomach troubles, hemoptysis, cough and asthma (Khatijah and Noraini, 2007) . Some flavonoids act as bioactive compounds such as antioxidant, antiinflammatory and antianalgestic activities (Jothimanivannan et al., 2010) . 
Callus Induction
Induction of callus leaf explants has been demonstrated by using different concentrations of 2,4-D and Kinetin. However, a combination of 13.9 µM kinetin and 4.5 µM 2,4-D showed high callus induction, up to 78% (Thomas and Yoichiro, 2010).
Shoot Regeneration
Gandarusa is easily propagated by stem cutting but produced low mass propagation (Musa et al., 2009) . Alternatively, tissue culture system allows rapid, consistently supply of plant materials and mass production of genotypically stabled of J. gendarussa. Plant regeneration of J. gendarrussa has been established from callus (Thomas and Yuichiro, 2010) . Thomas and Yoichiro (2010) reported that high percentage of shoots (87%) were induced from nodal explants when cultured on media supplemented with 17.7 µM BAP. Induction of 10% coconut milk in media also induced multiple shoot (4.3) was reported (Janarthanam and Sumathi, 2010).
Root Formation
The addition of auxin (IBA and NAA) and half-strength MS have influenced root induction in J. gendarussa. IBA (9.8 µM) induces high percentage of root regeneration from shoot explants (73%) (Thomas and Yoichiro, 2010) . However, roots could also be obtained by culturing shoots in half strength MS medium without growth regulators (Janarthanam and Sumathi, 2010).
6.0 CEKUR
Kaempferia galanga L. or known as 'Cekur' belongs to family Zingiberaceae (Figure 1.5 ). This plant is an aromatic perennial herb and has aromatic rhizomes and leaves (Mohanty et al., 2011) . It is distributed in Southern China, Indochina, Malaysia, India and Thailand (Chirangini et al., 2005; Hanumantharaju et al., 2010) . The leaves of K. galanga are used in flavouring foodstuffs, hair tonics, mouth washes and cosmetic industries (Parida et al., 2010) . Whereas, the rhizome parts containing the essential oils are used as decoction or powder for indigestion, cold, pectoral and abdominal pains, headache and toothache (Kanjanapothi et al., 2004) . Volatile oils of dried rhizome of K. galanga have been demonstrated anti-microbial activity against some Gram positive and Gram negative bacteria (Tewtrakul et al., 2005) . K. galanga is normally propagated by rhizomes (Rahman et al., 2005) . However, the conventional propagation of K. galanga by splitting of rhizomes is slow and resulted in insufficient to meet market demand (Kalpana and Anbazhagan, 2009 ). Therefore, tissue culture approach can be used as an alternative to propagate the plants rapidly and in large quantities. 
Root Induction
7.0 MISAI KUCING
Orthosiphon stamineus, known as Misai kucing (Cat's Whiskers, Java Tea) is a member of Lamiacease family ( Figure  1.6 ). It is a popular medicinal herbs in South East Asia including Malaysia and Singapore. These plants grow well on wet soil and can be found in both temperature and tropical gardens (Hsuan, 1986) . In Europe and Japan, the leaves are used as herbal tea. It is believed that a diuretic activity in plant extracts can cause removal of uric acid stones from kidney. It is also used for treatment of diabetes and hypertension (Mat-Salleh and Latif, 2005). These properties such as anti-diuretic and antibacterial activities could be due to high flavonoids and phenolic compounds present in O. stamineus (Schut and Zwaving, 1993) . 
Shoot Regeneration
Plant regeneration of O. stamineus from nodal segments has been reported by Lee and Chan (2004a) . Multiple shoots (6.1 shoots per explants) was observed from stem nodal explants when treated in MS media with supplemented 6.7 µM BAP in 4 weeks culture. 
Suspension Cell Culture
8.0 CONCLUSION
In conclusion, this paper could serve as an encouragement and knowledge for other researchers to further works on in vitro propagation of local medicinal plants in Malaysia. In vitro cultures allow conservation of rare and endangered plant from in discrimination and unsustainable harvesting in the wild that considered important in preserving the malay folklore medicine.
